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ABSTRACT 
Heavy crude oil specifically contains paraffm of varying chain length and complex 
molecular structure with aromatic properties. This structure of molecule had made them 
higher in molecular weight which affected the viscosity and the rheology properties of 
the crude oil to be undesirable. In extracting and transporting the heavy crude oil in the 
most efficient way in term of avoiding energy losses and costs saving is to reduce the 
viscosity effects. Therefore, the main objective of this research is to design a special 
mixture of chemicals that will be named as Viscosity Reducer (VR) that able to reduce 
the viscosity of crude oil more than 50%. This research outcome solely based on series of 
testing and experiments conducted. The idea of reducing the viscosity is to reduce the 
molecular weight of the crude oil in improving its rheology properties. Therefore, a cutter 
or also known as cold cracker were applied into the crude oil to aher the properties of 
crude oil by cutting the paraffm chain length into small chunks which reduces the 
molecular weight of the composition of crude oil. This will reduce the viscosity of the 
crude oil and improve the mobility whether in reservoir or in transporting media. The 
cutter and the cold cracker will needed to be blend accordingly to treat a specific heavy 
crude oil because not all the heavy crude oil in this world share the same properties. 
Therefore ensuring the right chemical with the right concentration and percentage of 
composition are crucial to avoid permanent aheration of crude oil and also damage to the 
reservoir and fucilities. This research has already produce a prototype but still under 
research to enhance its performance. It is known as M6. M6 had successfully reduced the 
viscosity of the heavy crude oil sample up to almost 70%. M6 is as benchmark to this 
research. M6 also needs several alteration and modification to enhance its performance to 
he able to be commercialized. 
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1.1 Project Background 
In the production phase, it is crucial that we are able to flow our crude oil from one 
point to another. Any flow restriction it is advisable to be avoided. But in the world 
nowadays, it is hard to obtain easy oil. There will surely be production problem due to 
several contributing factors. One of them is associated with fluids mechanics where the 
movement ofthe hydrocarbon been restricted. This occurrence is due to the properties of 
the crude oil itselfwhich could not sustain to the conditions or climate at the producing 
area. 
These problems were frequently discover at harsh 
condition field like the North Sea, Gulf of Mexico, 
Russia; the Caspian sea and so on. The severe 
temperature and pressure drop will introduce condensate 
precipitations thus decreasing the flow efficiency of the 
.--------------.crude oil 
Figure l.l: Stacking of Asphaltene I Petroleum or crude oil have properties mainly consists of 
carbon molecule. The buildup ofthis molecule is rather important as it wiJI determine the 
rheology effects of the crude which mostly we concern on its viscosity. 
In this study we focus most on the main composition of the crude oil which has the 
larger effect to the viscosity. Means, as an example, highly asphahene content crude has 
large number of carbon molecules. These carbon molecules were chained together and 
been stack together by layering pattern. This evolves it into complex molecule with high 
molecular weight. With high molecular weight, it contributes to high viscosity. 
Due to high viscosity effects, it is known that the crude oil have the difficuhies to 
flow and it is also harder to extract it .from the reservoir. Other than that, it wm contribute 
to other problems as well from liquid suspensions or emulsion of this type of oil. 
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This research solely focuses on asphalt-based crude oil. Asphalt in the fluid had the 
tendency to solidify into an increasing number of asphaltene particles as the temperature 
decreases, resulting in a continuous increase in apparent viscosity. 
Sometimes in rare cases, we have a mixed-based crude oil (asphalt+ wax) likewise 
demonstrates an inverse viscosity I temperature relationship similar to characteristics of 
both paraffin-based and asphalt- based crude oils. This inverse viscosity I temperature 
relationship is particularly problematic when the increase in viscosity fouls pipelines in 
which crude oil are produced and transported. 
With increasing viscosity at lower temperatures, the reasons behind it is because 
asphaltene particles precipitates at lower temperatures, which is particularly problematic 
because of its detrimental effect on the transportation of crude oil via pipeline. 
As a result of crude oil asphaltene precipitation, pipelines must be frequently shut 
down and cleaned to scrape out asphaltene buildup in the piping to prevent obstruction of 
crude oil flow. 
With increasing demands on world oil 
supplies and the low temperature climates, for 
example offshore oil wells and the Artie and sub-
Arctic environs, in which oil is extracted or through 
which it is transported, it is increasingly important 
to develop methods for improving the flow of crude 
oil in pipelines at lower temperatures. 
r-...._ _ ___, 
Crude oil, particularly which produced from~rtai[fiiiieQii()gilCaifOiilruitiOOs:"Cai~ 
relatively viscid, that is, can have a viscosity that makes it difficult to transfer through a 
pipeline. 
Heavy, thick viscid crude oil is referred to in the petroleum industry as "low 
gravity" oil; High gravity crude oil is relatively thin and relatively easy to pump. 
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1.2 Problem Statement 
In production phase, it is crucial to have the hydrocarbon to flow without any 
obstructions. But optimum mobility seems too good to be true. Most fields in the world 
must have problem associates with flow. 
In this research, the scope is the viscosity of the crude oil which restricts the easy 
flow. Any problems that contribute to increase the viscosity must be resolved. (e.g. the 
molecular weight and the capillary pressure.) 
Narrowing, the largest contribution to high viscosity that also contributed to high 
capillary pressure is the composition of the crude oil itself which has high molecular 
weight. 
High molecular weight was resulted from the paraffin of varying chain length and 
complex molecules with aromatic properties. The effects ofthis complex molecule will 
be the deposition of these heavier fractions in the reservoir rock, in tubing string, pumps, 
and vessel and also in pipelines. The asphaltene deposition increases the pipe surface and 
will lead to turbulent flow and loss of pressure. Worsen will be there is pumping 
difficulties caused by transportable solids, clogs and blockage as refer to the figure 2. 
I Figure 1.3: Deposition of wax at tubing string from Heavy Oil 
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1.2.1 Problem Identification 
Prooerties 
The crude oil sample for this project is obtains from Sudan, Dulang and Angsi. Therefore 
this crude oil have it owns properties which is not the same with crude oils ranging from 
around the world. Therefore, this sample can only act as a referral point for any other 
cases such this to be treated in the near future. The sample chosen based on several 
matters such as Sudan is high in asphaltene content and low in wax; while Dulang is 
medium asphahene content with high wax; and Angsi it is best known with its light oil 
with low asphaltene content and low wax. These ranging types of sample are to show 
whether this VR could simulate in treating these type of problems. 
Pressure 
As we obtain sample crude oil from various places, the operating pressure will not be the 
same. Mostly, our research was conducted at Malaysia and we have some issues in 
fmding the optimal operating pressure. As an example, the operating pressure between 
here and Sudan will definitely be different. Therefore, to achieve high accuracy resuh, it 
is recommended to do a field bottle test. 
Temperature 
The reasons are the same as pressure plus temperature here is added with humidity will 
probably give different result rather than doing it at the places where we obtain the 
sample crude oil. Not just it effects the experiments but also the properties of the sample. 
Degrading 
As time passes by, in storage condition the crude oil and even the prototype will be 
degraded due to several factors. For this problem, we must run our testing straight away 
after receiving sample from the field to achieve low deviation in resuh. 
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1.2.2 Significant of the project 
At the production stage, we need the fluid to be high in mobility. The needs as mention 
are like extracting the crude from the reservoir, the flow in the tubing string and the flow 
of the pipeline. This project is very helpful when: 
• During the implementation ofEOR, for high viscid fluid is utterly difficult in extracting 
it to the drop of pressure at the later stage of the field. Therefore, in applying Viscosity 
Reducer at the reservoir can reduce the viscosity of the fluid at make the EORjob easier 
• When the fluid flows in the tubing string, it will experience differential temperature and 
pressure. For crude that is waxy and have asphaltene content, when it experience the 
differential temperature as it decreased to the asphaltene pour point, the viscosity will 
increase and it will began to precipitate thus scaling will occur and it will reduce the flow 
rate of the production. This also will effect if the well is a natural flowing well where the 
pressure mounted to flow the crude is insufficient and additional method such as artificial 
lift will be needed. This can highly increased the OPEX. 
• While transporting the crude from the field to the gathering station, the crude will still 
experience the same problem where most of the pipeline will be at room temperature and 
below where heavy oil will have high viscosity and also the asphaltene precipitation. This 
will most likely affect the pipeline and flow rate as the point above. But, flowing the 
crude in the pipeline, it is needed to apply pump. For this problem normal pump could 
not accommodate to transport the crude. Thus it needs a special pump which will increase 
the OPEX, the maintenance cost and so on. 
• Viscosity Reducer is also recommended to be apply during in-situ upgrading. In-situ 
upgrading have the potential because in applying viscosity reducer, it can treat the heavy 
crude oil viscosity at the earlier stage of the production. 
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1.3 Objective and Scope ofstudy 
1.3.1 Objective 
This research has an ultimate objective to be focused to which is to come out with a Viscosity 
Reducer prototype which can reduce viscosity of crude oil more than 50% with the ability to treat 
wax and asphaltene precipitations. 
1.3.2 Scope of Studies 
Below are shown the scope of studies covered for this research: 
• Cmcking the crude oil properties 
• Sustain the cmcked crude oil 
• fu-situ Upgrading 
• Enhanced Oil Recovery 
• Methods oflnjection 
• Operations feasibilities (facilities and HSE) 
1.4 The Relevancy ofthe Project 
This project is relevant as it coincides with many of petroleum engineering discipline 
such as Study of Flow Performance during Transportation, Enhanced Oil Recovery 
(EOR), Well Stimulation and Techniques and Production Optimizations. 
1.4.1 Study of Flow Performance during Transportation 
When crude have a problem which have high viscosity, transporting it will need a lot of 
power from pump. Therefore, we need to reduce the viscosity as it will reduce the 
operating cost of the pump 
1.4.2 Enhanced Oil Recovery (EOR) 
In Enhanced Oil Recovery, by using VR as a solution, we tend to reduce the cap pressure 
of the crude oil in the reservoir 
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1.4.3 Well Stimulation and Techniques 
What applies in EOR will be apply here in stimulate the well due to productions problem 
1.4. 4 Production Optimizations 
It also relevance to optimizing production as using VR we can maximize production 
while reduce the OPEX and CAPEX. 
1.4.5 In-situ Upgrading 
This is the next big thing in the industry where we could change the properties of the 
problematic crude oil. This will surely enhance our recovery and improve the mobility of 
the fluid. 
1.5 Feasibility of the Project within The Scope and Time Frame 
As now the research is approaching to the end half of Final Year Project 2. But with the 
opportunity and the bright future of the viscosity reducer, this research will not stopped 
here and there will be continuity in the near future. 
With 1 month left, it is confidence that the wrap up for FYP 2 will be a success and it will 




2.1 Formulation of Viscosity Reducer 
It is known that the characteristic of the crude oil to be super heavy or ultra heavy is 
due to its composition and content. The most influenced composition which will lead to 
giving the crude oil high viscosity are the asphaltene and the parrafin content. The higher 
the asphahene content in the crude oil, the higher the viscosity of the crude oil. 
Therefure, we began the RND on developing a chemical that able to break the long 
and stable chain of asphaltene. That is what we came out with M6 which is formulated 
with: 
1. 1% HCL (0.01%) 
2. 40% kerosene 
3. 40%LABSA 
4. 19%AP 355 
These raw material had been tested in lab and show the best resuh among all of the 
chemical been tested in developing VR. It is been inspired from the cold cracking 
solution which also did the same function which to break the asphahene chain. The real 
cold cracking solution are been formulated with[ I]: 
1. 1% HCL (d = 1.19 g/ml) 
2. 40% oleic acid 
3. 47% kerosene 
4. 10 % Gas-oil 
5. 2% Emulsificant (Petro lite H-4455) 
It was identified that these chemicals are quite costly and due to raw material 
constraint we developed our own product with our own formula. 
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This chemical product if suceed can be applied in 2 ways which are firstly are for enhance 
oil recovery (EOR) or for transportation. The concept are the same which to easily flow the crude 
oil. 
This cold cracking solution will be modified so that it is cost feasible and applicable 
to be market to the industry. It will be modified by replacing some expensive chemicals 
in the cold cracking solution with solvents or polymers etc. The main ingredient which 
presume to be most important to the success ofthis VR is the acid solution. They act as a 
cutter to break the long carbon chain to make it lower in mo Iecular weight. 
Wax deposiotn can be because of 1) low of solubilty and 2) low of temperature. But 
not all can resuhed to wax deposition. One of the common factor is this heavy oil contain 
more than C1s carbon chain length which result to high molecular weight and high 
viscosities. The solubility of the wax were depend on the pressure and temperature of the 
crude. Most cases due to pressure loss, wax will start to appear. Thus, viscosity will 
increase[2]. 
Another approach of treating this viscosity is by using depressants. Depressants is 
type of chemicals been applied to retard the effect to occur and at some cases it could 
eliminate the problem of wax apperance right away. This is due to the properties of the 
crude oil itself. The types of chemicals to be used are the wax depressant, wax inhibitor, 
asphaltene depressant and asphahene inhibitor. Inhibitor here means the ability of the 
chemical to restrict the ability to appear by adding a layer of shield without changing any 
of the crude properties[3]. 
Another causes due to high viscosity is due to the high capillary pressure and 
surfucial tension. Therefore, these pressures will effect the ability and resist the 
movement of the crude oil. Another approach to reduce viscosity is by treating those 
pressures the effects it. There are several methods in reducing this asscociated flow 
problems. Diluent can be a solution to this problem. If diluent were not affective to some 
crudes, we can used produced water with surfactant mixture in reducing the drag 
problems. But mostly it is recommendable for us to dilute diluent or surfuctant with 
lighter oil; such as the use ofkerosene distillate. Next, we can also apply a new technique 
by applying reversible oil in water emulsion to act as surfuctant. These chemicals can 
sure reducing the drag agents thus reducing the viscosity of the crude. Not to forget the 
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application of polymers. The desiring percentage for all application is we need to use at 
least a little of produced water. The reason is to disperse our main ingredient which is 
mostly oil-based into water with the suitable injetion of500ppm[4]. 
The next method which is promising is to inject gas down the reservoir. The gas 
that are advisable to be use are Natural Gas Liquified, lean gases and highly compressed 
C(h. These gases are low in density which really can reduced the apparent viscosity of 
the crude oil. It is also easy to obtained the raw but highly risky process[5]. 
2.2 Method oflnjection 
Recently, there only a few methods of injection that are 
reasonable and practical in terms of reducing the viscosity of 
the crude. 
Firstly, is to use a hoUow sucker rod[5]. This is the 
cheapest method but very unpractical as it use a Jot of 
mechanical power which is relate to efficiency. Most of it 
could loss throughout the mechanical system in just one 
cycle ofthe injection. This could result high of power loss. 
Figure shows the mechanism of chemical injection 
using the nodding donkey with a hollow rod. 
Next, is to use Water alternating Gas (WAG) method [5]. This is applicable for gas 
injection as the method promotes gas and water were injected alternating helping to 
correctthe flow [6]. 
Figure 2.2: WAG method 
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Last but not least is the traditional way of injecting chemical by using the chemical 
injection plan. EOR method in this category may include surfactant, polymer and alkaline 
injection. After a reservoir is conditioned by water preflush, specific chemicals are 
injected to reduce interfacial tension (help release oil) and/or improve mobility control 
(reduce channeling). This action is followed by injecting a driving fluid (water) to move 
chemicals and resulting oil bank to production wells[6]. 
-----
- -- -
Figure 2.3: Chemical Injection method 
The methods above are the only method available nowadays for chemical injection. 
So in applying which method to be used is depending on how much we need to inject and 
other several variables that needed to be taken into considerations. 
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2.3 In-situ Upgrading 
The next revolution of treating crude oil is being done then and there. Therefore, the term 
of in-situ upgrading is suitable and can be associated in finding enhanced prototype of VR. In-situ 
upgrading means, the crude oil properties been upgraded at its original place in the reservoir. 
Therefore VR can accommodate the need of upgrading the sample. 
Curreutly, the most common type of in-situ upgrading was known as The Vapex process. 
[7] It represeuts a uuique application of the horizontal well for the recovery of heavy oil and 
bitumell In this process, low molecular weight hydrocarbon solveut vapour is injected into the 
reservoir using horizontal well and the solvent diluted oil due to its low viscosity drains by 
gravity to another horizontal well. The rate of transfer of the solvent molecules in the crude 
directly reflects on the extraction rate. The higher area of contact between solvent vapour and the 
crude yields a higher rate of mass transfer of the solvent. By using horizontal wells the area of 
contact for mass transfer is increased enormously. It was observed that in the initial phase, when 
the solvent vapour rises above the injector forming the extraction chamber, due to the 
countercurrent nature of the extraction the production rate is about 2-3 times higher than the 
subsequent gravity drainage rate. In this paper the possibility of enhancing the extraction rate by 
combining the effect of extended solvent-oil contact and the couutercurrent mode of extraction 
throughout the project life is investigated. 
In a reservoir underlain by aquifer the il\iected steam may preferentially pass through the 
water zone and condense causing a great Joss of energy. In the Vapex process however, the high 
injectivity in this zone may be utilized to spread the solvent vapour underneath the reservoir 
extending the solvent -oil contact under the entire pattern simulating a planar well. Both injector 
and the producer should be placed near the water oil contact, separated by a distance that depends 
on the oil viscosity and reservoir parameters. The rising solvent vapour contacts oil 
countercurrently and the diluted oil is carried to the production well. With the remarkable 
advancement in the technology of drilling multi laterals it is possible to spread the solvent vapour 
effectively. A mathematical model for this extraction process is presented along with the 
experimental results that show 4-10 times higher extraction rate in this upward leaching process 
than in the usual spreading chamber. 
During a solvent-based heavy oil recovery process, such as vapor extraction (V APEX), a 
condensable solvent is injected into a heavy oil reservoir. Solvent dissolution into heavy oil and 
possible asphaltene precipitation drastically reduce its viscosity so that the diluted heavy oil can 
flow towards a production well. In the past, several physical modeling studies have shown that 
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the produced heavy oil has much less amount of heavy components than the original heavy oil. 
This phenomenon is often referred to as in-situ upgrading. 
A series of laboratory experiments must be conducted under reservoir conditions to 
quantify the in-situ upgrading of heavy oil due to the solvent dissolution and asphaltene 
precipitation by using a pure solvent (propane) and a mixture solvent (70 mol% methane + 25 
mol% propane+ 3.5 mol% n-butane + 1.5 mol% iso-butane), respectively. It is found that after a 
solvent is made in contact with heavy oil at a relatively high pressure for a sufficiently long time, 
the solvent-heavy oil system at equilibrium state can be roughly divided into three different 
layers. 
The top layer is a solvent-enriched liquid phase, the middle layer comprises heavy oil with 
the dissolved solvent and the bottom layer mainly consists of heavy components. The solvent-
heavy oil mixtures in these three layers show rather different chemical and physical properties, 
such as solvent concentration, carbon number distribution and viscosity. The top layer has the 
highest concentrations of solvent and light components and the lowest viscosity of heavy oil even 
after its dissolved solvent is flashed off. The heavy oil in the middle layer has similar carbon 
number distribution to the original heavy oil. The bottom layer has the lowest solvent 
concentration and the highest concentration of heavy components. The heavy oil in the bottom 
layer after its dissolved solvent is flashed off has much higher viscosity than the original heavy 
oil. These experimental results indicate that in a solvent -based heavy oil recovery process, the 
solvent-heavy oil mixture in the top and middle layers can be recovered because of its lower 
viscosity, whereas the heavy oil in the bottom layer may be left behind in the heavy oil reservoir 
because of its higher viscosity. 
In this way, the produced heavy oil is in-situ upgraded during the solvent-based heavy oil 
recovery process. [8) 
In application, usually [9] potential solvents were sourced from a gas plant located close to 
the target reservoir. To evaluate feasibility, first a specially designed dynamic asphaltene 
apparatus was used to screen readily available solvents and their mixtures. Solvent/oil miscibility 
and on-set of asphaltene deposition were determined by analyses of light transmitted through a 
micro-visual cell containing a flowing stream of oil/solvent mixtures. The optimized solvent 
composition thus identified was then used in Vapex experiment in a physical model packed with 
crushed reservoir rock 
It was seen that the chosen solvent mixture (containing carbon dioxide and gas condensate) 
was effective in upgrading the produced oil under test conditions (high permeability). Asphaltene 
and heavy metal content of the upgraded (produced) oil were reduced to less than 20% of the 
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original values, while oil recovery in excess of75% ofOOIP was achieved in the physical model. 
Oil sweep in the model, especially within the solvent swept zone was exceptionally efficient with 
a remaining oil saturation of less than 5%. At the same time, oil saturation of the least swept 
region was reduced from 85% to 45%. Deposition of asphaltenes in the porous medium did not 




3.1 Methodology Running the Research 
3.1.1 Procedure of Conducting VR Research 
-----~ 
[,~~.] 
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Figure 3.1: Procedure for conducting this research 
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3.1.2 Material and Apparatus 
Apparatus: 1) Cylinder Tube (50rnL) 
2) Beaker (500ml) 
Equipment : Viscometer 
Detail of instrument and condition been used/follow by me in developing the 








., ___ _ 
:Brookfield DV-E (Figure 3.2) 
: LV-2 (Figure 3.3) 
: 62 (Figure 3.4) 
: 5.0- 10.0 RPM 
: 50% or more viscosity drop (from blank) 
: 28 deg C 
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Figure 3.4: Spindle Code 
To run viscosity test, there are some criteria must be observed which influent the test 
result. Table l below details those criteria. 
Table 3.1: Criteria for viscosity test 
Test criteria Description 
Spindled use The size of spindle is inversely proportional to 
the viscosity. The larger the spindle the lower 
the range of viscosity measurements. 
Test speed The greater the speed the more accurate the test. 
Time required for each test point The best time for measurement is at minimum 
after 5 revolutions. For more viscous sample the 
more time is needed for measurement. 
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3.1.3 Experiment 
Chemical screening was done with OWN FORMULATION CHEMICALS 
including various types of new chemical from the market. 
Crude sample was heated to 50°C-70°C. An appropriate amount of chemical was 
injected into the samples and shake for 200 times. Then sample was cool to room 
temperature. Viscosity measured by Brookfield Viscometer as shown in Figure 1. 
Flowchart below shows the procedure for this test. 
r ·~~ 
Shake the sample for 
200times 
[ Let the ~cool ., 
to room temperatun! 
Measure the 
viscosity ] 
Figure 3.5: Procedure for running experiment on viscosity reducer 
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3.2 Project Activities 
Throughout this whole year ofFYP 1 and FYP 2 research been conducted, listed below 
were the project activities been done: 
• Research Paper Work 
• Project Work (Literature) 
• Crude oil Properties Test 
• Viscosity Reducer Prototype Formulation 
• Experiments & Bottle Tests 
• Prototype Development 
• Result and Findings 
3.3 Key Milestone 
During the period of this research there were key milestones been noted as it is an 
important milestone in completing the research. Listed below is the key milestone: 
• Submit INTERIM report 
• First oral presentation 
• Crude oil Sample Pickup 
• Formulation ofVR 
• Bottle Test I experiments 
• Re-formulationofVR 
• Bottle tests I experiments 
• Crude oil Sample Properties 
• Prototype improvement 
• Progress Report 
• Technical Paper 
• Poster presentation 
• Pre-EDX 
• Dissertation submission 
• Presentation 
27 
3.4 Gantt Chart 
28 
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CHAPTER4 
RESULTS AND DISCUSSIONS 
4.1 Background Analysis 
This research has been conducted using several type of crude oil sample range, 
from light oil to heavy oil. It also has the variable from low wax to high wax and low 
asphaltene to high asphaltene. 
These differences are to test the Viscosity Reducer Prototype limit to the maximum. 
With that we would able to see the compatibility of its operating condition whether it can 
operate with multiple problems in crude oil. 
Available products currently are only to treat wax and asphaltene associated 
problems. But the hope is Viscosity Reducer is just not only for its primary function 
which is to reduce viscosity of crude oil but also to treat associated problems like 
asphaltene and wax deposition. 
Therefore, there are for main crude oil samples been obtained from various places 
to able to accommodate this research need in reducing the viscosity plus treating the 
associated problems. 
4. I. I ANGSI Crude Oil analysis 
This crude oil is originated from Angsi Field at offshore Terengganu. This crude oil has 
been categorized in the light oil group. From the operator, it is known that this crude oil 
have no wax or ashpaltene associated problem. Therefore, it can be concluded that the 
crude oil has a low asphaltene and wax content. 
4. I .2 Dulang Crude Oil analysis 
This crude oil is originated from Dulang Field at offshore Terengganu. This crude oil also 
been categorized as light oil. But it has severe problem with its flow. This is due to the 
very high content of wax. At certain temperature the wax tend to precipitate and solidifies 
which is nearly impossible to flow without any heat intervention. Therefore, this crude oil 
is low asphaltene with high wax content. 
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4.1. 3 Undisclosed Field, Sudan Crude oil analysis 
This crude oil was imported from Sudan. It is from an undisclosed field. This is due to 
the contractor that supply the crude oil is bidding on the project oftreating this problem. 
This crude oil is fallen under the category of heavy crude oil. It has severe problem with 
asphaltene content made it gellaic kind of condition which made it very hard to flow. 
4.1. 4 Thor Jath Field Crude oil analysis 
This crude oil was again imported from Sudan. It is from an onshore field name Thar Jath 
Field. This field is well known with its heavy oil production. Therefore, heat intervention 
has been use in order to make it flow. This crude oil has high content of asphaltene and 
wax which cause much problem to the operating company. 
4.2 Data Gathering 
First of all during this research been done, from the methodology we could see that we 
frrst blend the viscosity reducer prototype. The series of prototype is from M 1 to M28 in 
ascending order. 
The figure on the right showed the complete 
sets ofViscosity Reducer of prototype. It is 
the result of mixing several raw materials. 
This is considered as the crucial part. As 
this finish, this research can proceed to the 
next phase of the experiment which is to 
mix with the crude oil. 
With that, it is hope that the combination 
will work in treating the crude oil 
Next is to show in the graphical aid and easy understanding how the data been gather for 
this research, 
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Figure 4.2: VR Data Gathering 
From the above figure, it is how the author gathers the data, after mixing the 
prototype with the crude oil sample with the appropriate methodology, and then the 
viscosity of the crude oil which has been treated by the prototype been measured. 
Therefore, there are 4 types of crude oil with its viscosity measurement with its 
discussion is to expect in the later part of this chapter. 
4.2.1 Cost Breakdown/or VR (approximation) 
Below shown the cost breakdown between the original cold cracking solution that been 
proposed by the literature review and the viscosity reducer that been modified to be cost 
effective. All of the material is analytical grade which the cost of it will be higher than 
mass production material. 
Original Cold Cracking Solution Viscosity Reducer 
Material Price (RM) Material Price (RM) 
HCL 25 HCL 25 
Oleic Acid 250 AP/ AF 120 
Kerosene 12 Kerosene 12 
Gas Oil 180 Emulsion 80 
Emulsificant 80 - -
TOTAL 547 TOTAL 237 
From the table it is clearly shown that VR is the most cost effective which have similar 
capability in reducing viscosity as same as the cold cracking solution. 
32 
4.3 Viscosity Reducer Composition Data 
The table below shows the combination of the new prototype VR series based on 
cold cracking solution. The main items for the prototype VR series are acid products 
(organic and inorganic), solvent, diluents, polymers and depressants. 
Table 4.1: Prototype Series Chemical Composition 
Series Raw Material Composition 




M3 Tilluene LABS A AP355 -
M4 Toluene LABS A - -
M5 Toluene . AP355 -
LABSA 
M6 HCL Solv-P LABS A AP 
355 
M7 PX4984R - • - -
M8 PX4982R 
- - -
M9 PX4983R - - -
MlO PX4986R - - -
Mll PX5166R 
- - -
Ml2 Polymer (scale - - -
inhibitor), 
Ml3 HCL - - -
M14 LABS A - - -
Ml5 BIO-SOLV 
- - -
Ml6 DIESEL . . -
Ml7 HCL Sillv-1 Ernul-A AfcJ 
Ml8 Sulphuric Solv-1 Ernul-A AF-1 
Ml9. Citrit: . Sillv-1 Ernul-A AF-1 
M20 HCL Solv-1 Ernul-A AF-1 
M21 Citrit:. Sillv-1 Ernul-A AF-1 
M22 Sulphuric Solv-1 Ernul-A AF-1 
M23 HCL. Solv"1 Ernul-P AF·1 
M24 Citric Solv-1 Ernul-P AF-1 
M25 Sulphuric Solv-1 • Ernul-P AF-1 
M26 HCL Solv-1 Ernul-S AF-1 
M27 HCL Solv-l Emul-P AF-S 
M28 HCL Solv-1 Ernul-P AF-P 
* AP: APD (Asphaltene point depressant) ; PX: Polymer 
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With the available formulation, the tests were conducted as per methodology of 
running the experiments. Later, the viscosity measurements of the crude oil sample been 
recorded. The viscosity been recorded by using same spindle and the spindle speed as the 
variables. 
4.4 Measured Viscosity Data 
4.4.1 Thar Jath Field, Sudan 
Below shown was the data table generate fur the viscosity measurement of the 
crude oil sample. This experiment was conducted during the first phase of this research. It 
is to find the principle raw material based on the literature which can optimally operate. 
During the running of this phase, the viscosity was measured at room temperature. 
During the cooling period, an observation was made to the crude oil to spot any changes 
of physical properties. 
Table 4.2: Measured Viscosity Data for Tbar Jatb Field 
Viscosity Data (cP) 
Spindle speed (RPM) 
Series 2 3 4 5 
BLANK 8270 8920 8920 8703 
M1 7110 7160 7170 7163 
M2 6900 6950 6870 6818 
M3 n40 7690 7630 7687 
M4 6890 6900 6910 6915 
M5 6860 6880 6860 6800 
M6 3240 3240 3240 3260 
M7 5570 6400 6360 6270 
M8 7670 7610 7480 7380 
M9 6720 6590 7340 7230 
M10 9180 9190 9354 9358 
Mll 10480 11580 11583 11581 
M12 6290 6360 6460 7088 
Ml3 5670 5540 5620 5593 
M14 5012 5264 5432 5095 
M15 4320 4440 4530 4590 
M16 5100 5100 5120 4758 
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4.4.2 Undisclosed Field, Sudan 
From the Thar Jath Field experiments, the best VR there have been improved and 
develop for being tested on the rest of the crude oil sample. But still the main principles 
in the VR were remained the same. That VR prototype been implied in this undisclosed 
field. During the running of this phase, the viscosity was measured at room temperature. 
During the cooling period, an observation was made to the crude oil to spot any changes 
of physical properties. 
Table 4.3: Measured Viscosity Data for Undisclosed Field 
Viscosity Data (cP) 
Spindle speed (RPM) 
Series 2 4 5 
Blank S29S 4530 5772 
M17 1650 1425 1794 
M18 1838 1725 1638 
M19 1680 1672 1716 
M20 2235 2392 2238 
M21 2430 2272 2184 
M22 2280 2302 2370 
M23 2040 1815 2610 
M24 1530 1542 1746 
M25 1620 1515 1806 
M26 2055 2212 1992 
M27 2085 2482 2154 
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4.4.3 Angsi Field, Malaysia 
The improved VR also been implied to Angsi Crude Oil to see the effects ofVR in 
reducing the viscosity of light crude oil whether it is significant or slight During the 
running of this phase, the viscosity was measured at room temperature. During the 
cooling period, an observation was made to the crude oil to spot any changes of physical 
properties. 
Table 4.4: Measured Viscosity Data for Angsi Field 
Viscosity Data (cP) 
Spindle speed 
(RPM) 
Series 4 s 
Blank 5.3 5.5 
M17 3.1 3.5 
M18 2.8 2.5 
M19 3.7 3.2 
M20 4.2 4.0 
M21 3.8 3.0 
M22 2.1 2.5 
M23 4.5 4.4 
M24 3.2 3.7 
M25 2.2 2.6 
M26 4.6 4.1 
M27 3.4 3.0 
M28 2.7 2.9 
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4.4.4 Dulang Field, Malaysia 
In the starting ofthis phase, the crude oil solidifies to room temperature. Therefore, 
heat was introduced to liquezy the crude oil in order to inject our YR. Then, it had been 
left to cool down to room temperature. During the running of this phase, the viscosity 
was measured at room temperature. During the cooling period, an observation was made 
to the crude oil to spot any changes of physical properties. 
Table 4.5: Measured Viscosity Data for Dulang Field 
Viscosity Data (cP) 
Spindle speed 
(RPM) 
Series 4 5 
Blank 6.2 6.5 
M17 3.7 3.0 
M18 3.4 3.7 
M19 2.7 2.6 
M20 2.1 2.9 
M21 3.0 3.1 
M22 2.5 2.8 
M23 4.4 4.5 
M24 3.5 3.2 
M25 2.5 2.2 
M26 4.2 4.6 
M27 3.8 3.2 
M28 4.1 4.0 
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4.5 Data Interpretations 
4.5.1 Thar Jath Field Sudan 
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Figure 4.3: Measured Viscosity Data for Tbar Jatb Field 
From the above graph, it is shown that most of the VR had gave an effects towards 
the reduction viscosity of crude oil. As we can see, frrstly we have MIS which slightly passes 
the line. From the composition table, it shows it is mainly compose ov Bio solvent. From 
previous studies also prooved that bio additives also could perform crack. 
Nevertheless, M6 succed the line with flying colours. This is due to its composition which 
is merely to the same cold cracking solution. The prototype of cold cracking solution is still 
under testing period. But then, it is quite costly to make it. However, theoretically the result were 
rather convincing. M6 have been formulated to adhere with industrial environment where cost is 
crucial. 
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Therefore the subtitution of the real component from cold cracking to what is composed in 
M6 has the same function but with lower cost and slightly reduce of efficiency. Still, it achieve 
our objective in pretaining a protoype that able to reduce viscosity of crude oil more than 50"/o. 
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Figure 4.4: Measured Viscosity Data for Undisclosed Field 
From the previous experiments, we get M6 to be the best VR. So, the new prototype 
had been developed for tremendous improvement in treating asphaltene. As we can see, 
based on the above graph all of the VR manage to reduce the viscosity of crude oil more 
than 50%. 
The most effective are Ml7 and M25. These prototypes had been improved in terms 
of using the most cost efficient raw material. With it we also received quite a good results 
seems both almost manage to reduce the viscosity up to almost 70% 
From the observation as well, the gellaic form at the beginning has changes into like 
a normal crude oil when applying VR 
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4.5.3 Angsi Field Malaysia 
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Figure 4.5: Measured Viscosity Data for Angsi Field 
As for light oil like Angsi Crude Oil, we can see that M25 and M28 manage to 
reduce more than 50% of the viscosity of the crude oil. It is not that recommended to be 
apply to the crude oil like this field as because the reduction of viscosity, ahhough it is 
50% but then it is not that significant. The effect were small that can be negligible. 
As for this crude oil which has no associated problems, it seems like the crude oil 
had never been undergoing upgrading. By applying VR it may cost the customer a little 
bit but if the problem is tremendous, the return of investment will be good. 
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4.5.4 Dulang Field Malaysia 
Viscosity (cP) 
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Figure 4.6: Measured Viscosity Data for Dulaug Field 
Dulang crude oil experienced almost the same situation like Angsi crude oil. But 
then, Dulang crude oil has a severe problem regarding wax content where the crude oil 
tend to solidifies in room temperature and while flowing, wax precipitation may occur. 
Applying VR had made changes to the crude oil and at room temperature, the crude 
oil still in liquid form 
Figure 4.7: VR reaction 
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It shows that from the graph, the viscosity of crude oil at this field also will be 
reduce with M25 have the best performance. Still, for light oil the reduction of viscosity 
was not significant but here it is proven that VR also manage to maintain the crude oil in 
liquid form even undergoing temperature difference. 
So, in case of low viscosity with associated problems, VR is applicable just as much 
as the heavy crude oil from Thar Jath field that have high content of asphaltene and wax. 
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Figure 4.8: Viscosity Vs Spindle 
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M6 is the first prototype which initiates the birth of many prototypes of Viscosity 
Reducer. Therefore, M6 had been tested to be retain in time after applying into the Thar 
Jath Field crude oil. 
From plot above, it is shown that the rheological properties of the crude oil began to 
increase it viscosity proportional towards time. The thick red straight line is our objective 
mark where every plots lies below it, have the reduction of viscosity more than 50%. But 
then as the time increases, we can the increasing viscosity were reaching the minimum 
50% benchmark. It is observed that the rate for the viscosity to increase is the same. The 
rheological properties or the viscosity that we desired can be achieved for only one day. 
Ifbeen kept for more than one day, the viscosity are tend to achieve the same viscosity as 
the blank crude oil. 
The reason for this behavior is due to the asphaltene content in the crude oil. Based 
on further reading that it is identified that this M6 are able to break the chain of 
asphaltene compound but not to kept it stabilised in that new form of smaller molecules 
of asphaltene. That is why, as the time goes by, it tends to increase it viscosity towards its 
original viscosity. Is is also known the crude oil are aging as well to states of maturity. 
That is why the resuh obtain in previous result were not the same with the current results. 
For information, our test were valid at place where the condition are alike Malaysia 
where there is tropical climate with humidity. These fuctor could not be neglected due to 
its influenced on the crude oil. 
It is not a problem if the crude oil is in flow but if its stagnant this problem would 
occur. This is the setback ofVR. But, furhter experimentations to discover this problems 




Therefore, the conclusions that can be made from this research is for different types 
of crude oil we need different type of YR. Listed below is the VR proposed as per 
sample crude oil: 
• Thar Jath Field, Sudan- M6 
• Undisclosed Field, Sudan- Ml7 
• Angsi Field, Malaysia- N/ A 
• Dulang Field, Malaysia- M25 
Up until now, it seems that cold cracking solution with the involvement of low 
concentration acids in low volume has a future in it. But then, we have a long way to go 
in achieving our objective. 
With high confidence level, we can see that VISCOSITY REDUCER can be the 
solution for improving flow performance in applying either in transportation, EOR or 
Production optimization or Well stimulation in the near future. 
This is because we can treat the crude oil from it chemical properties until its 
physical properties with low cost and highly visible. This product has a bright future 
because most of reserves nowadays were heavy oils. 
Service companies would eager to take this as a solution because it is easy and a 
cheap method. But then, this is still in new phase and still needs a lot a research in 
tendering the reality world to accept this new technology where we can provide them 




Based on the results and the discussions obtain from this research, there are several 
recommendation for future works to improve: 
a) The testing must be in-situ so that the condition, temperature, pressure and so on 
so that the data we measured will be accurate rather than doing it in a lab other 
than the origin of the sample crude oil extracting place. 
b) Each of the prototype been made must then undergo a detail testing parameters 
such as retain it in time and so on to se the capabilities of the VR itself. 
c) The VR must be developed based on the crude oil properties and must not been 
based from the previous success VR as they were only for reference. This is 




[1] PARIS, Marcano, "Method For Improving Heavy Crude Oils by Reducing The Aspbaltene 
Content of Crude Oils and Oil-Containing Tar Sands" US5152889 (1992) 
[2] HTS Consultant, "Production Chemicals and Microbiolgoy" 
[3] SHULER, Patrick, "Heavy Oil Production Enhancement by Viscosity Reduction" 
SPE 132564 
[4] McCLAFIN, Glifford, "The Replacement of Hydrocarbon Diluent with Surfactant and Water 
for the Production of Crude Oil" SPE I 00094 
[5] McGuire, P.L., "Viscosity Reduction WAG = EOR for Viscous Oils WAG Concept" 
SPE93913 
[6] DEMIRAL, Biro!, "Presentation of EOR injectivity methods using nowadays application" 
[7] DAS S.K et.al., "Countercurrent extraction of Heavy oil and Bitumen" SPE 37094 
[8] LUO P. et.al "In Situ Upgrading of Heavy Oil in a Solvent-Based Heavy Oil Recovery 
Process" PETSOC-2005-098 
[9] CAVALLARO A. N. et.al, "Laboratory Investigation of an Innovative Solvent Based 
Enhanced Recovery and In Situ Upgrading Technique" PETSOC-2005-016 
46 
